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Appr,ox. Time: 
^.0 hours ' 



S U M .M A R Y ^ P ^ag^^ • 21 
Module Title : ' ' • • • ' i,, 
'Free Carbon Dioxide 



Submodule Title: 



Topic : 



''Summary 



^Instructional Objective: . . . ' ■ ' 

Upon completion of this module the participant sho'uld be able to 



1. Determine the pH, t-eiiiperature , and filtrable residue 
CQJuteht of a'water- sample, . - — ^ 

2. Calculate free' CO^ level by the nomographic method, 

3. Determine the free CO'j "level hy the tltrimetric ntthod" 



Instructional Aids: 
Transparency CDl - JGDil- Surface w^ter videotape 



Instructional Approach: 



Lecture, demonstration, dlscuission,^aboratory practice, videotape 



Vi^ewing. 



,References ^ ^ 

. 1.. Standard Methods fo^' the Examinatibn of WSter and Wastewater 
1^ edition. ^ \ 

2. Operator; s. manual for pH^ meter. ^ - , * ' 
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i^jloduie* No: , 



Approx. Time: 
. 0.5 hQurs 



Module Title t"^ 

• Free Carbon Dioxide- 



Submodule-?rit^e : 



Topte : 



Chemistry (4f dissolved CO2 



'f^ •• : ■ — 

Instructional Objective:' • :^ . ' . v 

"* > ' ' ^ { 

Upon completion' of this module t^e participant will be able to; 

1. Describe hc^W free CO2 is related to corrosion and 
• . . water hajjdness. • 

, 2. ^ List the three forms of in water. 

3,-. Qualitatively relat.e the three forms' to pH. 



Instructional * Aids : 
transparency GDI- 'tl^ree forms of CO^ and'pHi,.> 



Instructional Approach: 
Lecture/discussion* 



• 4 



References ; 
Standard HethpdS. p^ 293, 6I-63. 



0 



A 



Class Afislgrlraents: 



-t — 1 
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Madi^le No : ^ 
. ' CD 



Topic : 



Chemistry, of dissolved CO- 



Instructor Notes : 



/ 



Transparency CD-I 
Forms of CO2 and pH 



ERLC 



Instructor Outline: 



1. 



\ 



The gas, carbon dioxide reacts with^V^^^®^ 
water -to form carbonic acid which will 
lower pH, CO2 may react with CaO and ^ 
other metal oxides to form CaCO^ and 
other carbonates. Since CaC03 ^s 'bnly 
slightly soluble^ the free CO^ level >aiid - 
pH will determine the amount of hardness 
which will precipitate and whether a 
protective CaC03 coating will b© -in ^ater 
^ains, * ^ 



I 



2. Forms of CO2 

a.' H2C03=C02+H20CFree CO2) 

^ b'', HCOj" bicarbonate 



c. CO 



2- 



carbotiate 



3. pH and CO2 

a, low pH^H^COj, ^ • 

b. intermediate pH^HCO-j 



c. high PH.CO3 



2- 



r 



^ ^ 4- 

Module No: 

* 

— '■ ^ — ^ — 


« . page b ox ^:x. 

Module a?itle: ' . 
Free Carbon Dioxidi, ' - " 


Submodule Title: ' - 
.:• • 1 • • ■ • 


Approx. Time: 

0. '2 5 « hour's 

/ > - 


Topi-c: ' , , 

/. Safety • • / ' . ' " 

» ' « 

^ t . .f 



Instructional Objective:- • ■ . 
Upon completion of this'^module the participant should ablp 

1,. Locate the following in the .Laboratory and demonstrate 
^ . proper use: emergency shower, fire extinguisher eye 
• wash J first aid kit.. " . 

2. Select and use safety glasses, lab coat or aproh and" 
gloves in app^ropriate situation. 

.'3. vDescribe hazards involved with the chemicals, used in 
' ^ determining > J ^ 



to : 



) 



Instructional Aids: 
Laboratory safety rules handout* 



. / 



Instructional Approach: 

r 

■Lectur^/demonstra^tfon 

— « ^ k ' 



References : ' " >^ 

. 'Basic l^boratorjr skills module. * 



',Clj9tss Assignments: 



■7- 




Module No: 

CD ^ 

Jnstrudtor hfotes : 



Topic : 



Safety 

Instructor Outline: 



■ / 



1. Point out to* students the J-ocation of 
. various safety devices and their use. 



2. Safety glas§e9 should be worn , during • 
the preparation, of reagents knd during 
titration. ' < ' . ' 



3. The Na^fco^ solutions . aire basic and.may^ 
cause chemical burns. / 



Module No: 



A^p-rox. T^me: . , 
.5 houris ' 



~ ' — 

Module Title: 

Free Carbon Dibxide 
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Su^odule Title:- 



Topic : , N. 

•Prln 



cipies of COg. measurement 



Instructional -Object iv«:- 

U.pon'-c(^mpletion of • this module the participant • should' be aWxe to: 

1. List two methods for determining free CO2. . 

^ .2. List data needed for nomographic determination of .CO2. 

■ , 3. Describe qualitatively the titrimetric method of COo - 
determination. . ' " * . ^i 



■■ 1 



rnstfuctional,'Aids: ^ . 




Surface water analysi^ videotape. 

• f 
' - \ 

• ■ A , 




«^ r — ... ■■ 

Instructional Approach: . * 

Lecture, discussioii, videotape viewing ' , " . 

■ * ^ -i- 


Reference^: 
'Standard Methods,* pp. 293 - 301. 


"> 

/ 


-r-—^. ■ ^ — ^ 


< ^ % ^ 

w f 
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Module ,No: 
CD • 



Toi)ic 



Principles of CO2 measurement 



Instructor Notes: 



Sti:r£ace water analysis / 
Video tape middle sec- 
tion • . • . ' 



V4 



fetructor Outline: 



1. i Show video tape - answer questions 



Methods % 
a. nomographic 
^1>* titrimetria * 



>inographi.c data 
a\ tempei^ature 
bA pH • ^ » 
c. \ total flltrabl^ 'residue 
d* \ total alkalinity^ 



Ti*traT:ion : 

The H^O^ is consumed completely and 
converged to HCO^^ by each mole of NaOH , 

^ .A w 

ot Na2^ 



•ERiC 

ili'lHlffifTll^ilH 



Module No: 



Approx- Time: 
0.5 hours 



ilodule Title : 
• » 

. •- I^ee Carbon 'Dioxide' 
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Submodulet Title : 

i. 



Topic: 




Instructional Object I3 

Upon completion 6I this^ule the' participant should be able t6: 



1. Describe the function of .the pH meter/ 



•V 



\ ,2. Properly standardize the pH meter. 

3. Determine the pH of a solution with a pH" meter 



instrifbtiohal Aids: 



Transparency CD2 - Diagram of pH meter. 



Instructional Approach: 

, — - ^1 

Laboratory practice 

References : 
Operator's manual for pH meter used; 



[Clas;3 'Assfgnments: 



. 10 



Module No: 
CD 



: ffi ^ 

Topic.: *^ ^ 

pH measurement 



ctor Notes,: 



Transparency CD-2 • 
Diagram of p-k meter 



J 



Instructor Outline: 



>• 



1.^ Point out parts of pH met^r 

bV^^alibration knob . , 
c. . electrodes • 



A. 



2.. Standardize against pH 7 buffer 



3. Measure pH of any water solution 



% y 
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, Module No: ' 

• ' ■ ' \* 


T- — .' . 

• Module Title: ' . • ' .1 
^' * Pr^e Cait^on 'Dioxide 


~ ' : — ' = : ' : — ^ 

Submodule Title: • , • , 

• ' : • . . ' ' . . . .• 

; ' • . \ . ' .. . ^ ■ . . • 


— ; r— T i 

Approx/ Time: . 
({•5 hour! 


Topic: ' , 

: Piltrai^le Residue > • ■ ' - . 



'Instructional Objective: / ^ ' - ' 

'Upon completion of this mod'ure the participant should be able Jo: 

1. Det'^rmine the concentration of filtrable residue' af 
* ■ * watei^ sample. ^ ^ * * . , 

2. Differentiate between )ffltral?le and rton- filtrable residue. 



Instructional Aids: 



• V 
\ 



•Transparency CD3 - filter apparatus 



Instructional Approach^' 
: Laboratory practice - 



Rfeferencesr 



Standard Methods p. 92 



0 



r 



Class AssignmeAts: 




\ 



Module l^o:, 
CD 
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Topic: ' . 
, ^ Filtrabie residue 



Instructoi? Notes: 



Transparenc 
Filtet apt ' 



Instru&^^pJ? Outline: 



1. JPiltrable residue . 

a*'^ filtef sample, through fritted glass 
• b* evaporate ^filtrate to dryness 

c. weigb residue . 

d. - ing/l==mg residue/liters of sample 



2. Residue: " ' * ^ 

' a. filtrabie - dissolved 
br non--filtrable - suspende^a 



■ / 



• - X 








'Module No: 


Modlile Title: . • " • . . , ' 
Free Carbon Dioxide 








• • 




Submodule Title: ,^ . * ■ 0 , 


♦ 


Appnox. Time: 












0.25 'hours 


T6pic: . v ^ . 

* ^ ' Nomograph Method 

1 ' • ^ . ' ' 




■ ■ » . ; — — i 

^ Instructional /Objective: * , ^ . " 

- X- >- " * - ♦ > 




Upon completion oT this module the participant . sriould be able to:' 

^1/ Determine the free CO level^ of a' water ' sampl^ from 
pH, residue, temperature and total alkalinity 'using a 
nomograph. ^ ' , ^ 




2. .Determine 
residue, i 

< - 

^ * - 


the vai'ious types of alkalinity from pH^^ 
temperature' and total alkalinity. ^ " 

\ • 

• , • • - ^ , \ ■ ' 


I; 


• Instruct ionsii Aids: • • • 

■\ " • . — - * ' 
Transparency CDlJ- Free COg Nomograph 

. i ' . \ • , - ' . * - . ^ , 




Instructional Approach: - . , ^ • 


\ 

V 


^ Lecture/discussion . . \ f . ^ 

* 


\ 


References: * 




/ 


standard Methods p. 29i|.-298. ' 

' ' - — ". ,/( 


> 


Class Assignments; 


I ' ' ' _ 

% - , ^ ^ 
' 1 
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Mo'dule No: 




^ 1 


Topic*: 




' CD 




Nomograph' Method 


' Iiistructor. Notes: 




Instructor Outline: 
< 







Tr.ansparency CD-4 

Free COj Nomograpli, rulei' 



Describe steps in Qsing nomograph by • 
using data as, follows: 
a. align temperature, 25 C* 

total filtrable' -residue, 200 mg/1 
determine 
align pH, 7.5 

bicarbonate alkalinity, 200 mg/1 
determine P2 
align P-j^,. Pj 
read CO-,: 11. 0 mg/1 



b. 

c, 
d. 
e. 
f . 

g- 

h. 



The same procedure should be used on 
# their data from residue, pH, and e^lkali- 
nity determinations! ) 



Point out that the forms of alkalinity 
can also* be determined by nomograph given, 
pH, temperature, total alkalinity, 
residue.' 



Module 


No: 

S 

/ 


j — ^ - pace 16 of 21 r 

A*- ^ 

• Module ♦Title: ' ' , • ' 
. Pr.ee Carbon .Dioxide . . ■* 




Submpdul^ Title: 
\ 


Approx. 


Time: 




.0.25 


hours 


Topic: . ' 



■Instructional Objective: , ' • 

Upon completion this module the participant should be able to: 

1. Prepare a standard Na^CO^ solution for free CO^ determination. 

2. Properly collect a water sample for COg analysis. 



Instructional Aids: 



Instructional Approach: 
Laboratory practice 



References: . 

r « 

.Standard Methods p. 298-300. 



Class Assignments: 
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Topic: 



Preparation of standards and reagents 



Instructor* Notes : 



Instructor Outline: 



1. Na^CO soiutiQh: 
2 3 

2.407 g dissolved ift water*^. 
. to make 1 liter. Distill-^ 
^ l -ed water should be boiled 
Na2C02 should be dry. 



0^0454 N Na^CO preparation 



Collect sample. in SpO 'ml Pyrex. bottle 
no trapped air. Syphon sample into 
graduated cylinder with overflow^ 



er!c; 



Si 



ERJC 
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^Module Title.: 



•4 



Trep Carbon Dioxide 



Submodule Title: 



Topic : 



Titration and calculation of CO, 



l|istructlonal , Objective: " . ' , ' / 

Upon completion of this module the .participant 'should be able to: 



1. 'Titrate the sample with standard base to a predetermined 
end pqiqt or inflection point. 

2. Calculate the '.concentration of free CO, from titration 

V data. ■ t_ . 

^ 3. List precauti^bns to be taken in CO2 analysis 



a — ^ * 

^Instructional Aids:, 


* 


«. 


i 




, i *^ — 
Instructional Approach: 

< 




f 


4 




Laboratory practice 










Referejjices : 










' Standard ^Me^lhbds pp. 298-3OO. 








V 


\ 






t 
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Module No: 
CD 



UdMC x!^ or z I 



Topic : 



Titration and calculation of COj 



Instructor' Notes : 



Instructor Outline: 




Titr'ation 

al add 5 drops phenolphthalein 

if solution* turns red - no COj 
if colorless add Na2C03 solution 
from a buret, stir wi^n glass rod 
.untn pink color persists # record ml 
„ Na^CQ^ used^ 
repeat b\at run in entire ml Na2e03 
froitt/c, above. If necessary aa^-JRore 
titrant to end point »^ 



c. 



d. 



2. 



Calculation : 

a, rjed immediately 

b, m' "~ 



C02=0 

g/1 (CO2 ) = (ml 3a2C03 ) X ( . 0454 ) X22 , 000 

*ml sample 



Precautions^ 

a, glass- wear "must be clean and free of 
acid or base residue^*^ 

b. titrate rapidly to' prevent \oss of 
CO2 to the atmosphere ^Juring 
titration'/ 
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Exam Que'stlons 



^Free7 Carbon Dioxid^ 
Chemistry of Dissolved C 



1. It carbon dioxide is cLLssolved in distilled water will the 
solution be acidic or pasic? r — ^ 

2. Three.. forms of CO2 i"n- water are free CO2, bicarbonate, and > 

3. \Rt extremely^ high pH, is mostly in the ^ form. 

Safety. ' ' . ^ 

^ ^ ^ " , ' r ' 

4. / Ch^icals splashed in the eye can be removed at the . 

5. ^^^^ will prevent the spilla^e^of chemicals on the 



hands . 




6*. Na2C02 will/^ot "burn" when spilled on skin. True or Fal$.e - 
•Principles df CO^ Measurement * ** ' 

7. Two methods of detei^raining free are the nomographic method and 
the ^ kethod. : ^ 

8. The following data are needed for the nomographic method: pH, 
alkalinity, temperature, and ; . 

9. At the end point of the titrimetric method, all the vfree C02* - 
will be converted to , j ^ ion, 

— r 

pH Measurement 
l(y. The pH meter measures 

tl. ' The pH meter is standardized wi-^fr^ ^- - solutfiqn. 

12. The 'pH of the solutioh is read on the 1 

^ meter. ' . ' , 

Piltrable Residue • * .* , - ^ 

C3. A 50 ml sample contains 1.2 grams of residue. Calculate the 
. concentration of residue in mg per^iter. 

14. Does filtrable residue iiJeiude dissolved s.alts?' \ 
^^omogrdph Method . \ . 

15. How many pivot lines are required for the determination of free 

16. Besides free CO2, what else can be determined from a nomograj)h,^ 
j:6sidue, temperature, total alkalinity, arid pH? • * ^ 

• Preparation of STandards and Reagent# 

17. How should, the water which is Aised for the preparation of titrant ^ 



^arer wnica is 



be treated? 
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18. Why should care be taken to exclude air .fronCa ^^mple *taken- ' 
for free CO^ analysis? ' ^ *' 

Titration and Calculation of CO^ ^ / * " j 

la/ I^hat is the color change in the CO^ titration?* ^ ^ ' ' 

20". If S.O^iONpf 0.0.454 N Na2C03 is. required' to titrate at 100 ml 
wat^er'^ample , what is tKe Ooricentratioh, of COj ±h the'^sample? 

21. Briefly describe how CO2 is prevented from escaping or eiitering 
^ the water sample during collection or sampling. , • • 



0 



FREE^ CO, 



; A 



I 



.EQUIPMENT AND SUPPLIES LIST 



1. Free COg nomograph ^or^/€t§^ trShsparency QD^) ^ ' , - 

2 . thermometer 



3. filter apparatus, filter flask, .ho I'dei;', glass "frj^tt^^^u^jiblfe 
nickel erucibre ^ - 



5 . dven 

6. analytj^cal balance 

7. pH meter 
s)j pH 7 buffer 

^'9^^ alkalir^ty test kit 

10. sodium carbonate 

11. distilled water. 

•a2. '2000 mi beaker ^ , 

13. 1 lit* volumetric flask 

1^. ringstand, ring, bunsen ^bui^ner 

15. 2-1 liter bottle ' ' ' ^ 

16. lOCL ml graduated cylinder- 

17. rubber ^'tubing . • 

18. 'phenolpht'haleln indicator^solution 
19* 25 ml buret „ ' \ 
20.^"^. glass stirring ro?^ 
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Free Car6on fiioxj-de ' 



Laboratory Procedure 

Nomographic Method . ^ ^ . ;^ , * > 

A. Obti^in a "free COp" nomograph '(ti?ai5&parency CD^ teproduded 

' ^ ' ' ^ - following data for your 



as"*^ hand-out), a'"ruler and the 
sample. ' 
1. temperature 
2^.* total filtrable residue 
3. \pH 

bicarbonate -alkalinit 
Sample data 

data 
temperature 

tot^l filtrable i!ftsidue 
PH 

bicarbonate alkalinity 
To use nomogrfe^, (also 



1 ^ 

25°C 

700 |ng/l 



2 



T2°C ^ , 
200 mg/1 
6.0 

2 mg/1 



0 mg/1 
8S5"^ ^,.7.0 
-300 mg/1 10 mg/l 

copies ,of the nomograph and nonjogiraphs 
for alkalinity may be obtairted^ f roW The ^American Water Work^s 
Association, 666 W^t Quincy ' Ave, Denver, Colorg^dp 80235- ) 
Align temperature and total filtrable residue which det^rmi 
Pv point on line. Aligh pH akd^'bf carbonate alkalinity 



les 



'which determines Pp on 
free COg on each line, 
for SampJLe data 1,* 2, 
student . 



line 2. Align, P; and Pp and read 
Using this prdcedure find free CO^' 
3, and for the sample provided by the 



li.. Titrimetric 
A. Prepare 
1^ ■ * NapCO 
watei> 




Method 

standard sodium carbonate solution. Add 2^^07g» 
1 litper volumetric flask. BoU 1500 ml -distilled 
minutes; allow to cool. . Pill the volumetric ^ 

* * N 



flaslc to the mark with this water. Label a«: 0.0^5^ 
sodium carbonate. Place in sMat^ttle protected from . 
atmospheric CO2. * . . * . - ^ 

B. Collet a sample and* analyze as soon as possible after 

collection Ijy directing discharge i)ito bottom of collection 
bottle. .Protect from out-gassing orMji-gassir\g. Syphon 
sample into 100 ml graduated cylinder allcwingX overflow. 
Plipk sample to throw off 'sample above 100 ml irjtark. 
*C. ^ Add^>5-Ib drops phenolphthalein indicator. * Add the Na2C0o 
solution* to a, 25 ml^^bjiret^. .Record the initial burer ^ 
reading. Dropwize, -add Na^COo to the gr^aduated' 
• with-'*stirring until a pink color persists for 3l) 
Record the bui^et re.a'aifig. The difference in the 
readii3gs is the amount, of t iterant 'added. 
Q. Calculate the free COp level ^y multiplying* the ml 
added by 9.988. Conmmjit on 'collection, storagd, or 
irregularities. 



rlinder 
seconds, 
two 



^COo 
;her« 
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Data Sheet Tor/ Free Carbon Dioxide 



Nomographic Method 
SampjLe cjialja 



/ 



Fre.e CO, 



* J m g/l 



mg/l 



■ Data from sample I^o 

temperature • > 

Filtrabl^ residue 

• PH 



Bic&rbor>dte alkalinity 



Calculated free COt: 

2- 



11* Titjrimetric" Method' 
Sample no. ^ 



final buret reading 
ml Na^CO^ added 
Free CO^^ 9.988'A = 



mg/l 



mg/l 



_mg/l 



ml. 





f 










^ 


ml (A) 








mg/l 



Comments 




) 



Analyst 



te 



• . -TRANSPARENCY GDI 

Three 'forms of COo.dnd pH 

Car^anic oci:d(free CO-jV low pH, aci 

" . . H.CO 



2T3- 



Bi-carbon6te- interrnedi ate ,pH, neutral 

* \ y ■ Hcoo ' . 



Carbonate- high rH, basic. 



CO 



2- 



\ 



-TRANSPARENCY CD2 
Diagram of pH Meter 



■J 



sT'ondandi zat ior 




temperature^ 
compensa^ i on 



\ ' g I ass and 
. reference or 
comb i naf i on 















3 





r 



TRANSPAREK'CY ^CD3 ; 
Fi I ten . Apparatus 



c r u c i b Le 
ho I'den 



fritted gloss filter 

eruc.i b I e 

m 

V-Qcuum 




fi I ter f I ask 



/ 
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k7e 



90 - 



-5 



1-0 



TR/\NSPARENCY .CD^ 
Free CO2 Nornpgraph 



r- w 



5«0« - 

/eo- 



0- 



a- 



I- 



^00 

loco- 



\ 



1 



5 



—10 
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